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(54) COMMUNICATION DEVICE

(67) A communication device including a ground
plane and an antenna element is provided. The antenna
element includes a feeding portion, a first radiation por-
tion, a second radiation portion and an adjusting portion.
The first radiation portion and the feeding portion form a
firstresonant path, and the first radiation portion includes
afirst portion and a second portion. The first portion faces
a first edge of the ground plane and the second portion,

and the second portion extends from a second edge of
the ground plane. The second radiation portion and the
feeding portion form a second resonant path. The anten-
na element operates in a first band and a second band
through the first resonant path and the second resonant
path. The adjusting portion and part of the first radiation
portion form a current-dividing path to adjust impedance
of the antenna element operating in the second band.

120
130
140
150

12

" 102

101

FIG. 1

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 136 506 A1 2

Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The invention relates to a communication de-
vice, and more particularly to a communication device
having a low-profile antenna element.

DESCRIPTION OF RELATED ART

[0002] Recently, in addition to functional demands,
communication devices also develop toward slimmer,
smaller and light-weight designs. For instance, current
communication devices adopt narrow-frame designs, so
as to attract the attention of consumers. However, after
incorporating the narrow-frame designs, there is less
space in communication devices for antenna elements.
In particular, in narrow-frame designs, the height of the
antenna element in the Y-axis direction is considerably
limited. Therefore, it has been an important issue to de-
sign low-profile antenna elements.

SUMMARY OF THE INVENTION

[0003] The invention is defined in the independent
claim. The dependent claims define preferred embodi-
ments. A communication device is provided, which re-
duces space occupied by a first radiation portion and a
second radiation portion in the Y-axis direction so that
an antenna element has a low-profile characteristic.
[0004] The communication device of the invention in-
cludes a ground plane and an antenna element. The
ground plane includes a first edge and a second edge
that are adjacent to each other. The antenna element
includes a feeding portion, a first radiation portion, a sec-
ond radiation portion and an adjusting portion. The feed-
ing portion is close to the first edge of the ground plane.
The first radiation portion and the feeding portion form a
firstresonant path, and the first radiation portion includes
a first portion and a second portion that are electrically
connected. The first portion faces the first edge and the
second portion, and the second portion extends from the
second edge. The second radiation portion and the feed-
ing portion form a second resonant path. The antenna
element operates in a first band and a second band
through the first resonant path and the second resonant
path. The adjusting portion is electrically connected be-
tween the first portion and the second portion. In addition,
the adjusting portion and part of the first radiation portion
form a current-dividing path to adjust impedance of the
antenna element operating in the second band.

[0005] In view of the above, the first portion of the first
radiation portion of the invention faces the first edge of
the ground plane and the second portion and uses the
current-dividing path to adjust the impedance of the an-
tenna element operating in the second band. Thereby,
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the space occupied by the first radiation portion and the
second radiation portion in the Y-axis direction is re-
duced, so that the antenna element has the low-profile
characteristic.

[0006] To make the above features and advantages of
the present invention more comprehensible, several em-
bodiments accompanied with drawings are described in
detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings are included to
provide a further understanding of the disclosure, and
are incorporated in and constitute a part of this specifi-
cation. The drawings illustrate embodiments of the dis-
closure and, together with the description, serve to ex-
plain the principles of the invention.

FIG. 1 is a schematic diagram of a communication
device according to an embodiment of the invention.
FIGs. 2 and 3 are respectively schematic diagrams
for illustrating operation of the antenna element ac-
cording to an embodiment of the invention.

FIGs. 4 and 5 are respectively schematic diagrams
of the appearance of a communication device ac-
cording to an embodiment of the invention.

FIG. 6 is a diagram of return loss of an antenna el-
ement in a notebook mode according to an embod-
iment of the invention.

FIG. 7 is a diagram of return loss of an antenna el-
ementin a tablet mode according to an embodiment
of the invention.

DESCRIPTION OF EMBODIMENTS

[0008] FIG. 1is a schematic diagram of a communica-
tion device according to an embodiment of the invention.
As shown in FIG. 1, a communication device 10 includes
a ground plane 11, an antenna element 12 and a sub-
strate 110. The ground plane 11 and the antenna element
12 are disposed on a surface 111 of the substrate 110,
and the substrate 110 may be, for example, a printed
circuit board. In other words, the antenna element 12
may be, for example, a planar antenna, and the antenna
element 12includes afeeding portion 120, afirstradiation
portion 130, a second radiation portion 140 and an ad-
justing portion 150.

[0009] The ground plane 11 includes a firstedge SD11
and a second edge SD12 that are adjacent to each other.
The feeding portion 120 is close to the first edge SD11
of the ground plane 11. The firstradiation portion includes
a first portion 131 and a second portion 132. A first end
of the first portion 131 is electrically connected to the
feeding portion 120. A first end of the second portion 132
is electrically connected to a second end of the first por-
tion 131, and a second end of the second portion 132 is
electrically connected to the second edge SD12 of the
ground plane 11. The shape of the first portion 131 may
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be, for example, linear, and the shape of the second por-
tion 132 may be, for example, inverted-L. Furthermore,
the first portion 131 faces the second portion 132 and
the first edge SD 11 of the ground plane 11. The second
portion 132 extends from the second edge SD12 of the
ground plane 11. Thereby, the shape of the first radiation
portion 130 is like an inverted U and has an opening
towards a first direction (for example, -X-axis direction).
[0010] A first end of the second radiation portion 140
is electrically connected to the feeding portion 120, and
a second end of the second radiation portion 140 is an
open end. In addition, the second radiation portion 140
includes a bend, so that part of the second radiation por-
tion 140 is parallel to the first portion 131 of the first ra-
diation portion 130. Furthermore, the shape of the second
radiation portion 140 may be, for example, an inverted
L, and the second radiation portion 140 and the first por-
tion 131 may form an opening towards a second direction
(for example, X-axis direction). The adjusting portion 150
is electrically connected between the first portion 131 and
the second portion 132, and the adjusting portion 150 is
parallel to part of the second portion 132.

[0011] In operation, the feeding portion 120 and the
first radiation portion 130 form a first resonant path, and
the feeding portion 120 and the second radiation portion
140form a second resonant path. In addition, the antenna
element 12 receives a feeding signal from a transceiver
(not shown) in the communication device 10 through the
feeding portion 120. Forinstance, the feeding portion 120
may be electrically connected to the transceiver through
a coaxial cable 160, wherein an inner conductor of the
coaxial cable 160 is electrically connected to the feeding
portion 120, and an outer conductor of the coaxial cable
160 is electrically connected to the ground plane 11.
[0012] When excited by the feeding signal, the antenna
element 12 generates two different resonant modes
through the first resonant path and the second resonant
path, so as to operate in the first band and the second
band. For persons having ordinary skill in the art to un-
derstand more about the invention, FIGs. 2 and 3 are
respectively schematic diagrams forillustrating operation
of the antenna element according to an embodiment of
the invention, and the operation of the antenna element
is further described with reference to FIGs. 1 to 3.
[0013] AsshowninFIG. 2, the feeding portion 120 and
the first radiation portion 130 form a first resonant path
210. When excited by the feeding signal, the antenna
element 12 generates the first resonant mode through
the first resonant path 210, so as to operate in the first
band (for example, a low-frequency band). It is worth
noting that the first resonant path 210 has a loop struc-
ture. That is, the first radiation portion 130 has a loop
antenna structure. In other words, the first resonant path
210 is 1/2 wavelength of the lowest frequency of the first
band, and the antenna element 12 operating in the first
band (for example, a low-frequency band) is less easily
disturbed by external environments.

[0014] AsshowninFIG. 3, the feeding portion 120 and
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the second radiation portion 140 form a second resonant
path 310. When excited by the feeding signal, the anten-
na element 12 generates the second resonant mode
through the second resonant path 310, so as to operate
inthe second band (for example, a high-frequency band).
In addition, the second radiation portion 140 has a mo-
nopole antenna structure. That is, the second resonant
path 310is 1/4 wavelength of the lowest frequency of the
second band. Furthermore, part of the first portion 131
and the adjusting portion 150 and part of the second por-
tion 132 form a current-dividing path 320. That is, the
adjusting portion 150 and part of the first radiation portion
130 form the current-dividing path 320. Thereby, the ad-
justing portion 150 and part of the first radiation portion
130 are equivalent to an inductive element. Thus, when
the antenna element 12 operates in the second band,
the current-dividing path 320 has an inductive effect, and
the inductive effectis used for reducing a capacitive effect
between the second radiation portion 140 and the ground
plane 11.

[0015] In other words, the adjusting portion 150 and
part of the first radiation portion 130 is used for adjusting
the impedance of the antenna element 12 operating in
the second band, so that the antenna element 12 has
good impedance match in the second band. In addition,
the inductive effect contributed by the current-dividing
path 320 may be adjusted by changing the place where
the adjusting portion 150 is disposed. For instance, as
shown in FIG. 3, based on the place where the adjusting
portion 150 is disposed, the first portion 131 may be di-
vided into a first segment 330 and a second segment
340. The first segment 330 is electrically connected to
the feeding portion 120, and the second segment 340 is
electrically connected to the second portion 132. Prefer-
ably, the length of the first segment 330 is twice the length
of the second segment 340.

[0016] It is worth mentioning that the ground plane 11
and the second portion 132 of the first radiation portion
130 are arranged in sequence along the X-axis direction,
and the first portion 131 and second portion 132 of the
first radiation portion 130 face each other. Thereby, the
space occupied by the first radiation portion 130 in the
Y-axis direction is effectively reduced, so that the height
of the antenna element 12 in the Y-axis direction is re-
duced. In addition, since the impedance of the antenna
element 12 operating in the second band may be adjust-
ed with the current-dividing path, the antenna element
12 is still able to maintain good radiation characteristics
when the second radiation portion 140 is nearby the
ground plane 11. Thereby, the space occupied by the
second radiation portion 140 in the Y-axis direction is
effectively reduced, so that the height of the antenna el-
ement 12 in the Y-axis direction is further reduced.
[0017] Forinstance, the area occupied by the antenna
element 12, the coaxial cable 160 and the ground plane
11 may be expressed by a height 101 and a width 102
in FIG. 1. That is, the height 101 in FIG. 1 includes a
height of the antenna element 12 in the Y-axis direction.
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Preferably, the first band and the second band covered
by the antenna element 12 may be, for example, 2.4GHz
and 5GHz, and the height 101 and the width 102 may
be, forexample, 4.5mm and 24mm. It is worth noting that
current antenna elements operable in 2.4GHz and 5GHz
mostly have a height greater than 8mm. In other words,
the antenna element 12in FIG. 1 has the low-profile char-
acteristic. That is, the communication device 10 has a
low-profile antenna element 12, so as to be feasible for
narrow-frame designs.

[0018] For instance, FIGs. 4 and 5 are respectively
schematic diagrams of the appearance of a communica-
tion device according to an embodiment of the invention.
As shown in FIGs. 4 and 5, the communication device
10 further includes a first body 410 and a second body
420, and a display 430 and a narrow frame 440 are dis-
posed on the front surface of the first body 410, and a
keyboard 450 is disposed on the front surface of the sec-
ond body 420. In addition, the first body 410 may be un-
folded with respect to the second body 420, so that there
is an included angle between the front surface of the first
body 410 and the front surface of the second body 420.
[0019] As shown in FIG. 4, when the included angle
between the front surface of the first body 410 and the
front surface of the second body 420 is greater than 0
but smaller than 180, the communication device 10 is in
a notebook mode. On the other hand, as shown in FIG.
5, when the included angle between the front surface of
the first body 410 and the front surface of the second
body 420 is equal to 360, the first body 410 overlaps with
the second body 420 back to back, so that the commu-
nication device 10 is in a tablet mode. Furthermore, the
antenna element 12 in FIG. 1 may be disposed in the
firstbody 410 and face the narrow frame 440 surrounding
the display 430. In other words, the antenna element 12
in the communication device 10 is disposed with respect
to the narrow frame 440 of the display 430. In addition,
since the antenna element 12 has the low-profile char-
acteristic, the antenna element 12 matches the design
needs for the display 430 having the narrow frame 440.
[0020] It is worth noting that in the tablet mode, low-
frequency operation of current antenna elements are of-
ten easily affected by external environments (for in-
stance, metal back covers of the first body 410 and the
second body 420). However, in terms of the antenna el-
ement 12in FIG. 1, the first resonant path corresponding
to the first band (for example, the low-frequency band)
hasthe loop structure, and therefore the antenna element
12 operating in the first band (for example, the low-fre-
quency band) is less easily disturbed by external envi-
ronments. In other words, in both the notebook mode and
the tablet mode, the antenna element 12 maintains good
radiation characteristics, so that the communication de-
vice 10 has good communication quality.

[0021] Forinstance, FIG. 6 is a diagram of return loss
of an antenna element in the notebook mode according
to an embodiment of the invention, and FIG. 7 is a dia-
gram of return loss of an antenna element in the tablet
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mode according to an embodiment of the invention. As
shown in FIGs. 6 and 7, the antenna element 12 is op-
erable in a first band 610 and a second band 620. In
addition, in both the notebook mode and the tablet mode,
the antenna element 12 keeps return loss in the first band
610 and the second band 620 under -10dB.

[0022] In view of the above, the first portion in the first
radiation portion of the invention faces the first edge of
the ground plane and the second portion, and the second
portion extends from the second edge of the ground
plane. Thereby, the space occupied by the first radiation
portion in the Y-axis direction is reduced, so that the
height of the antenna element in the Y-axis direction is
reduced. In addition, the current-dividing path is used in
the invention to adjust the impedance of the antenna el-
ement 12 operating in the second band, so as to reduce
the space occupied by the second radiation portion in
the Y-axis direction, so that the height of the antenna
element in the Y-axis direction is further reduced. There-
by, the antenna element in the communication device
has the low-profile characteristic, so as to be feasible for
narrow-frame designs.

Claims
1. A communication device (10), comprising:

a ground plane (11), comprising a first edge
(SD11) and a second edge (SD12) that are ad-
jacent to each other; and

an antenna element (12), comprising:

a feeding portion (120), close to the first
edge (SD11) of the ground plane (11);

a first radiation portion (130), forming a first
resonant path (210) with the feeding portion
(120) and comprising a first portion (131)
and a second portion (132) that are electri-
cally connected, wherein the first portion
(131) faces the first edge (SD11) and the
second portion (132), and the second por-
tion (132) extends from the second edge
(SD12);

a second radiation portion (140), forming a
second resonant path (310) with the feeding
portion (120), wherein the antenna element
(12) operatesin afirstband (610) and a sec-
ond band (620) through the first resonant
path (210) and the second resonant path
(310); and

an adjusting portion (150), electrically con-
nected between the first portion (131) and
the second portion (132), and the adjusting
portion (150) and part of the first radiation
portion (130) form a current-dividing path
(320) to adjust impedance of the antenna
element (12) operating in the second band
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(620).

The communication device as claimed in claim 1,
wherein the feeding portion (120) electrically con-
nects a first end of the first portion (131) and a first
end of the second radiation portion (140), a second
end of the second radiation portion (140) is an open
end, a first end of the second portion (132) is elec-
trically connected to a second end of the first portion
(131), and a second end of the second portion (132)
is electrically connected to the second edge (SD12).

The communication device as claimed in claim 1,
wherein the first portion (131) is divided into a first
segment (330) and a second segment (340) based
onthe adjusting portion (150), the first segment (330)
is electrically connected to the feeding portion (120),
the second segment (340) is electrically connected
to the second portion (132), and the length of the
first segment (330) is twice the length of the second
segment (340).

The communication device as claimed in claim 1,
wherein the adjusting portion (150) is parallel to part
of the second portion (132).

The communication device as claimed in claim 4,
wherein the shape of the first portion (131) is linear,
and the shape of the second portion (132) is inverted-
L.

The communication device as claimed in claim 5,
wherein the shape of the second radiation portion
(140) is inverted-L.

The communication device as claimed in claim 1,
wherein the first resonant path (210) is 1/2 wave-
length of the lowest frequency of the first band (610).

The communication device as claimed in claim 1,
wherein the second resonant path (310) is 1/4 wave-
length of the lowest frequency of the second band
(620).

The communication device as claimed in claim 1,
wherein the second radiation portion (140) compris-
es abend, so that part of the second radiation portion
(140) is parallel to the first portion (131).

The communication device as claimed in claim 1,
wherein the current-dividing path (320) has an in-
ductive effect, so as to reduce a capacitive effect
between the second radiation portion (140) and the
ground plane (11).
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